Both enantiomeric (S-) and racemic (RS-) forms of 2-(2-nitro-1-phenylethyl)-1,3-diphenyl-propane-1,3-dione (1) have been obtained from the same reaction media by fractional crystallization from toluene. First the racemic compound, (R,S)-1 has been precipitated (mp. 159.7°C), then, from the filtrate, its chiral form, (S)-1 (mp. 135.6°C) has crystallized. The absolute molecular configuration (S) and crystal structure of the latter one, which crystallizes in the orthorhombic crystal system (space group P2 1 2 1 2 1 (19), a = 10.6377(2) Å, b = 11.4348(2) Å, c = 31.3543(6) Å, Z = 8, Z' = 2), has been solved by single crystal X-ray diffraction (R = 0.0377). Powder XRD pattern of the racemic precipitation, (R,S)-1 could be indexed in the orthorhombic space group Pbca (61) (a = 22.18(7) Å, b = 17.08(3) Å, c = 9.96(3) Å, Z = 8, Z' = 1). Differences in the secondary bonding interactions and in crystal stability of the chiral and racemic compound are evaluated on the basis of their FT-IR spectrum, melting point and enthalpy of fusion. The eutectic type binary melting phase diagram of enantiomeric and racemic compounds are constructed based on the Differential Scanning Calorimetric (DSC) measurements and calculation of the liquidus curves according to the combination of the simplified Schröder-van Laar and Prigogine-Defay equations.
Introduction
Optically active nitroalkanes, among them 2-(2-nitro-1-phenylethyl)-1,3-diphenylpropane-1,3-dione (S)-1 [ 1 , 2 , 3 ] are versatile building blocks in organic synthesis as they can be transformed into various chiral amines, oxo compounds, carboxylic acids, etc. The most common way of its synthesis is the asymmetric Michael addition of 1,3-diphenylpropane-2,5-dion (2) to a trans--nitrostyrene (3) in the presence of a chiral catalyst (Scheme 1).
Scheme 1: Regio and enantioselective synthesis of the title compounds
Application of various chiral catalysts also resulted in preparation of enantiomeric forms of several derivative or related compounds, in reasonable optical purity and product yield. [ 4 , 5 , 6 , 7 , 8 , 9 ]. Most of the major optically active products are assigned as (S)-configuration based on various predictions and on the solved structure of a chloro substituted derivative of (1) [2] .
However, in most cases the optical purity of the enantiomerically enriched products needs further improvement. While resolution via diastereomeric salt or derivative formation is dominant in separation of optical isomers, in some cases fractional crystallization can be a simple, alternative possibility. The advantage of the latter, that no chiral additive is needed. In this paper we report a successful route of enantiomeric enrichment of 2-(2-nitro-1-phenylethyl)-1,3-diphenyl-propane-1,3-dione (1) via fractional crystallization.
Thereafter, having both racemic and enantiomeric 2-(2-nitro-1-phenylethyl)-1,3-diphenyl-propane-1,3-dione in hand, we have carried out a comparative study on the secondary bonding interactions of their structures effecting their mixing properties in solutions and solid phase, i.e. their solubility and melting behavior. Absolute molecular configuration and crystal structure of the enantiomeric crystal, (S)-1 has been solved by single crystal X-ray diffraction, while powder pattern of the precipitated racemic compound, (R,S)-1 has also been indexed. The effect of structural differences between the pure enantiomer and the racemic crystals has also been evaluated on the basis of their Fourier transform infrared spectra and differential scanning calorimetric (DSC) curves.
Based on DSC measurements of temperature of fusion and melting molar entalphy, together with DSC observations also for some physical mixtures of (S)-1 and (R,S)-1, liquidus curves, eutectic temperature and composition have been calculated; in overall, a schematic binary phase diagram has been constructed.
Experimental

Starting materials and sample preparations
Aldrich N26806) and quinidine (Aldrich Q3625) were purchased from Sigma-Aldrich.
Dichloromethane (Merck 8.22271), toluene (Merck 1.08323) and triethylamine (Merck 8.08352) were purchased from Merck. Chemicals were used without further purification.
To a solution of 0.2 mmol (0.03 g) trans--nitrostyrene 3 and 0.2 mmol (0.02 g) triethylamine (4a) in dichlorometane (4 ml) 1,3-diphenyl-1,3-propanedione 2 (0.22 mmol, 0.05 g) dissolved also in dichloromethane (2ml) was added. The reaction mixture was stirred at room temperature and monitored by TLC. The solvent was evaporated and the residue was purified by column chromatography on silica gel using hexane-ethyl acetate = 7:3 as an eluent resulting in a white solid (0.058 g, yield: 78%).
For enantioselective preparation of (S)-1 the same procedure was followed, except that instead of triethylamine a chiral catalyst, quinidine (4b, 0.02 mmol) was used. After column chromatography 0.55 g (74%) (S)-1 (ee:42%) white solid was obtained. The catalyst was also recovered during column chromatography. Fractional crystallization: 0.2 g of (S)-1 (ee. 42%) product was recrystallized twice from 2 ml of toluene. The mixture was kept on 5°C for 2 hrs before crystallization. The results are summarized in Table 1 . The binary mixtures of enantiomeric and racemic compounds for DSC trials, were prepared from the solids by appropriate weighting and gentle grounding together to achieve 50 and 82% enantiomeric excess of (S)-enantiomer (x s = 0.75 and x s = 0.91, respectively). Crystallographic data (excluding structure factors) for the crystal structure of 1 (S) have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication number CCDC xxyyyz.
Single crystal X-ray diffraction
Further analytical methods
FTIR spectra of the chiral and racemic compound (S)-1 and (R,S)-1 were measured by
Excalibur Series FTS 3000 (Biorad) FTIR spectrophotometer in KBr between 400 and 4000 cm -1 .
Powder X-ray diffraction patterns were recorded with an X'pert Pro MDP (PANalytical Bv., The Netherlands) X-ray diffractometer equipped with X'celerator detector using Cu K α and Ni filter. In case of the highly crystalline (S)-1 with well-grown crystals, a rotation of the sample stage with revolution time of 16s was applied in order to reduce to some extent the preferred orientation observed. For indexing of powder pattern of (R,S)-1 and for space groups determination from a statistical assessment of systematic absences [ 13 ] the DASH structure solution package was used [ 14 ] .
Differential scanning calorimetry (DSC) measurements were performed using a Modulated DSC 2920 apparatus (TA Instruments, US). The samples (1-3 mg) were measured in sealed Al-pans at a heating rate of 10 K/min. For temperature and enthalpy calibration of the DSC instrument pure In metal standard was applied.
Calculation of the eutectic composition, the eutectic temperature and the liquidus curves is based on combination of the simplified Schröder-van Laar (Eqs. 1 and 2) and where and are molar fractions in the binary system of the enantiomers, , are the melting points and molar enthalpies of fusion observed for the pure crystalline enantiomers, while and is the melting point and molar enthalpy of fusion of the racemate crystal, latter calculated for 1 mol R + 1 mol S composition. Detailed crystallographic data, the parameters of data collection, structure determination and refinement are presented in Table 1 . There are two crystallographically independent molecules in the asymmetric unit (Fig. 1) . They are chemically the same but different in conformation. The molecular overlay of the two crystallographically different molecules can be found in the crystal structure of (S)-1 is shown in Fig. 2a . 4 The week  interaction between molecules A and B in the crystal structure of (S)-1 [19] .
Results and discussion
Crystal structure of (S)-2-(2-nitro-
1-phenylethyl)-1,3-diphenyl-propane-1,3-dione, (S)-1 (S)-2-(2-nitro-1-phenylethyl)-1,3-diphenyl-propane-1,3-dione,(
Comparisons of (S)-and (RS)-2-(2-nitro-1-phenylethyl)-1,3-diphenyl-propane-1,3-dione, (S)-1 and (R,S)-1 by powder XRD and FTIR.
The crystals of the chiral powder sample (S)-1 have been very well-grown with relatively big crystallites, what caused that considerable and strongly variable preferred orientation could be observed without using a rotated sample stage. The effect of the preferred orientation still can be seen, if we compare the theoretically simulated powder pattern (Fig.5 , profile on the top) generated from atomic coordinates of the single crystal structure determination above, with the measured one (Fig.5 , middle profile) applying a rotated sample stage during the diffraction measurement. Practically almost all reflections have occurred but with more or less different intensity ratios. We can also recognize that the powder pattern of the racemic compound, (R,S)-1 ( of peaks of (S)-1 is significantly much smaller than those of (R,S)-1, indicating an excellent crystallinity (greater crystallite size) of (S)-1, compared to that of (R,S)-1.
Although, we could not increase the crystallinity of (R,S)-1, its diffraction pattern could be indexed to an orthorhombic unit cell [a = 22.18 (7) The FTIR spectra of the chiral and racemic compounds (S)-1 and (R,S)-1 (Fig.6) are more or less similar, but present also differences arising from the crystallographically different neighboring secondary interactions of the vibrating molecules in each crystal lattice. Actually, there are two types of crystallographically independent and different molecular surroundings (Z'=2) of crystal (S)-1, while there is only one and the same type of crystal force field of both enantiomeric molecules in lattice of (R,S)-1, where Z'=1. The occurrence of two peaks in the former case confirms the eutectic relation between the racemic and enantiomeric crystals. Meanwhile the composition of the latter mixture should be close to the eutectic composition, as only one melting peak has been observed at 133.9°C, at a bit higher temperature than the eutectic temperature 131.6°C detected above.
As expected, the enantiomeric and the racemic crystals behave as crystal mixture 
Conclusion
The structure of (S) From the calculation we obtained that the enantiomeric excess in the eutectic composition of 1 enantiomeric mixture is ee Eu = 87%. Consequently, the initial ee of the crude product ((S)-1, ee = 42%) was in the racemate side of the phase diagram and the racemic mixture precipitated during crystallization, in accordance with the measured thermoanalytical data and calculations. However, precipitation of the racemate caused higher enrichment of the (S)-1 enantiomer (ee = 94% instead of ee Eu = 87%, Table 1 , line 1) in the filtrate than it would be expected in thermodynamic equilibrium of crystallization. In other words, fast precipitation of (R,S)-1 pushed the composition of the residual material in solution to the enantiomeric side of the phase diagram (instead of the eutectic composition) and the system could not achieve thermodynamic equilibrium before filtration. Jump of the eutectic composition (from the racemate side to the enantiomeric side) during the first crystallization was confirmed by the results of the second crystallization ( Table 1, line 2) when purer enantiomeric mixture (ee = 96%) was obtained from the first crystallized fraction, than the initial ee (94%). 4 . The week  interaction between molecules A and B in the crystal structure of (S)-1 [19] . Fig. 5 . a) Simulated powder XRD pattern of (S)-1 generated from the atomic coordinates of the single crystal structure determination (top); b) Experimental powder pattern of (S)-1 measured on rotated sample stage in order to prevent preferential orientation (middle); c) Experimental powder pattern of racemic (R,S)-1 with broad peak (with small crystallites)(bottom). Fig. 6 . FTIR spectrum of chiral (S)-1 (top) and (R,S)-1 (bottom) measured in KBr. Chiral crystals of (S)-1 with two crystallographically independent molecules show more (C=O) and (CH) vibration bands than (R,S)-1 with crystallographically equivalent molecules. Fig. 7 DSC traces of two solid mixtures with enantiomeric excess (ee.) of 50% (top) and 82% (bottom). The occurrence of two peaks in the former case confirms the eutectic relation between the racemic and enantiomeric crystals. Meanwhile the composition of the latter mixture should be close to the eutectic composition, as only one melting peak has been observed at 133.9°C, at a bit higher temperature than the eutectic temperature 131.6°C detected above. Tables   Table 1. Summary of crystallographic data, data collections, structure determination and refinement for crystal (S)-1.
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